In plants, the shoot and root meristems produce auxin, a hormone that directs growth and cellular elongation in response to light and gravity. The distribution of auxin in plants (and thus its availability to target tissues) is regulated by its directional transport within the plant. Recent findings highlight the importance of the PIN family of proteins in regulating auxin transport.
PIN Placement
Recent work by Wiś niewska et al. (2006) demonstrates that the localization of PIN proteins is dictated by both cell type and protein-specific factors and is necessary to appropriately direct the flow of auxin. The authors describe the transgenic expression in Arabidopsis of tagged PIN1 and PIN2 under the control of the pin2 promoter. Haemagglutinin-tagged PIN2, like endogenous PIN2, becomes localized to the lower side of cortex cells and the upper side of epidermal cells in the root. In contrast, when PIN1-which is normally highly expressed in the shoot apex-is expressed in the root under the pin2 promoter, it becomes localized to the lower side of both cortex and epidermal cells. As a step toward defining the regions of PIN proteins that determine their distinct subcellular localizations, the authors inserted a green fluorescent protein (GFP) tag into different positions of the PIN1 coding sequence. Although most of these constructs were unaffected by insertion of the GFP tag, one of these recombinant proteins, called PIN1:GFP3, displays a reversal in its distribution in the epidermal cells, becoming preferentially localized to the upper side. Thus, the position of the insertion may offer clues as to the sequence-specific factors that dictate PIN subcellular localization. Moreover, PIN1:GFP3, like PIN2, is able to restore the upward movement of auxin in the root of pin2 mutants in response to gravity. This result confirms that PIN potein polarity determines the direction of auxin flow.
It has been established that PIN polarity is a regulated event that can change in response to environmental cues. One known regulator of PIN protein localization is the serine-threonine kinase PINOID (PID). Loss of PID leads to an apical-to-basal shift in the subcellular localization of PIN1, whereas overexpression of PID shifts the distribution of PIN proteins towards the apical plasma membrane. Thus, the regulation of PID activity could directly affect the distribution and availability of auxin. Zegzouti et al. (2006) now report that the protein kinase PDK1 phosphorylates and activates PID. These findings suggest a model in which PDK1 is recruited to regions of the plasma membrane enriched with phospholipids, such as phosphatidic acid or PIP2, through its lipid binding pleckstrin homology (PH) domain. Active PDK1 then phosphorylates PID at Serine 290 within its activation loop. Future work may establish whether phospholipids regulate PIN localization via this mechanism to control auxin-dependent growth processes in plants. Interestingly, plant PDK1, like its mammalian homolog, is likely to control many growth signaling pathways including those that respond to nutritional status. Thus, the work by Zegzouti et al. reflects the larger role that master regulators like PDK1 play in modulating and orchestrating plant growth in response to diverse environmental and hormonal stimuli. H. Zegzouti et al. (2006) . Proc. Natl. Acad. Sci. USA. 103, 6404-6409. J. Wis´niewska et al. (2006) . Science. Published online April 6, 2006 . 10.1126 
